Summtnary. The distribution of plastoquinones A 45, B and C was studied in representatives from 34 different plant families 'beginning with liverworts and mosses to higher plants. A (fig 1) . This is the predominant chloroplast quinone. Usually it is referred to as plastoquinone A. The number 45 serves, to distin,guish it from an analog which has 'been found only in Aesculus species. It has a 20 carrbon prenyl side chain and therefore is designated as plastoquinone A 20 (13).
Since the discovery of a chloroplast quinone by Kofler in 1946 from lucerne (22) and its rediscovery by Kofler et al. (23) and Lester and Crane (24) in 1959, numerous investigators have studied chloroplast quinones in various plant species.
As a result of these studies, we know thiat chloroplasts of certain plants may contain as many as 9 quinones designated as (plastoquinone A, B and C, in addition to vitamin K1, an uncharacterized vitamin K, a-, /3-and y-tocopherylquinones (9).
2,3-Dlimethvl-5-prenyl benzoquinone with a 45 carbon prenyl side chain is called plastoquin-one A 45 ( fig 1) . This is the predominant chloroplast quinone. Usually it is referred to as plastoquinone A. The number 45 serves, to distin,guish it from an analog which has 'been found only in Aesculus species. It has a 20 carrbon prenyl side chain and therefore is designated as plastoquinone A 20 (13) .
The distribution of plastoquinone A has been investigated in many species. In general it has been found in all, green plants studied ranging from algae to angiosperms (1, 3, 7, 9, 15, 19) . The only exception -has been a lack of plastoquinone A in several red algae studied by Egger (14) .
During the investigation of plastoquinone distribution in this laboratory 3 quinones B, C and D in order of decreasing chironiatographic 'mobility on thin layer slilica gel (9, 21) . These additional plastoquiniones have also been reported by others (5, 25, 27) , although each investigator has not been able to find all types at the same time. As a result of these difficulties in {finding the several tvpes we have made a thorough survey of many species w'h'ich is reiported here. Better understanding of the 'ch'emistry of plastoquinones B and C has: helped to 'make the occurrence of several types more rational and may help to clarify some of the discrepancies in analysis. Das et al. (10, 11) and Threlffall and Grififiths (28) were able to show by Tass spectra and infrared analysis that plastoquinone C and D had a hydroxyl 'group on a 45 carbon prenyl side chain. These quinones could thus arise by hydration of the side chain of plastoquinone A. Griffiths et al. (16) introduced a further refinement by sh'owing that their plastoquinone C fraction, actually consisted of 6 related hydroxvlated quinones. Preliminary analysis indicates that they are a series in which the hydroxyl group is successively-substituted on isopentenyll units along the 45 carbon prenyl side chain possibly starting w-ith the second isopentenyl unit as plastoquinone C1 (cf. fig 1) . Sub-stitution on the first isopentenyl iunit is unilikely 'because all plastoquinone C types so far isolated have the absorhbance maximum at 255 mp,.
A shift to longer wavelength (258 mu) would be expected with a y-lhydroxy substitution as in the oxidation product of plastochromanol (12) . Plastoquinone Co could have a hydroxyl group at (3) and a double lbond at (2). Plastoquinones C,-C, would have hydroxyl grou'ps along the chain somewhere 1255 definition of the exact site of the hydroxyl groups is untder study. By cochromatographv of samples of plastoquinones C and D prepared by our procedure from spinach with the full range of 6 plastoquiinones C1-C6 from tomato we find that the imiaterial we estimiiate as plastoquinone C is a mixture of plastoquinonies C1 through C4 and plastoquinone D represents a mixture of plastoquinones C, and C,.
(;riffiths et al. (16) have also shownl that the material described as plastoquinone B is also aimixture of 6 quinones. These quinones are esters of the 6 plastoquinone C types with Cl, to C,1 fatty acidS presumably at a successive hvdroxvl group along the chaini. This series is also designated as plastoquinones B1, B2, B3, B4, B5 and B6 in order of decreasing chromatographic mobility on silica gel. T,he exact (lefinition of the sites of substitution along, the chaini is incomplete. The iplastoquinone B series could thus arise by esterification of fatty acids wvith the plastoquinone C series (cf. fig 1) . (16) in Ficus.
Discussion
The elucidation of chloroplast quinones in the past 10 years has progressed from establishing the existence of "plastoquinone", which at present refers to PQ A, to demonstration of 3 other plastoquinones designated B, C and D by Crane et al. (9) . These quinones were first isolated from spinach. Recently, Griffithis et al. (16) The wide distribution and amounts of plastoquinone C1-C4 observed in this study encourage consideration for a function of this group of quinones.
Rather low levels of plastoquinones B,-B6, and C,-,C, which we find are discouraging to function, but since they are invariably present, the functional significance of these quinones cannot be precluded.
Changes in quinone content in response to growth conditions in Eutglena (7, 28) and Chlorella (17) also encourage the view that plastoquinones are involved in photosynthesis. Park (26) has summarized previous studies indicating that 16 
